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The confocal laser scanning microscope was used in conjunction with the fluorescent prone
FM I -43 to study the effects of ciguatoxin (CTX- 1 B) and D-mannitol at motor nerve terminals

of the neufomuscularjunction in situ. CTX- 1 B caused time-dependent changes in the surface
area of motor nerve terminals and perisynaptte Schwann cell at living neuromuscular
junctions These changes were completely prevented by tetrodotoxin indicating that they are
related to both entry of Na+ and increased quantal acetylcholine release. D-mannitol at

concentrations reported to exert an effective hydroxyl radical scavenger action neither

prevented the action ofCTX-IB nor antagonized its effects. However, at higher concentra-
tions D-mannitol exerted osmotic effects that caused shrinkage of both motor nerve terminals

and Schwann cell somata previously swollen by the action ofCTX-IB probably by shifting

water from the intracellular to the extracellular compartment.
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Cigualoxins (CTX) arc a tamily of potent

lipid-soluble cyclic polyethers (Seheuer et al.,

]967;Tachibanaelal.
?
I987;LegrandeiaI.J989;

Murata et al. ,1989,1990; Lewis et al., 1992;

Lewis Sc SellinJ991 ) involved in ciguatera fish

poisoning (Anderson & Lobel, 1987; Russell 6c

Egen, 1991; Swift & Swift, 1993). The poisoning
is characterize^! by severe gastrointestinal and
neurological disturbances (Baenis et al.,1979;

Withers. 1982: Gillespie et al, 1986.1 which
develop after consumption of coral reef fish.

The chemical structures (Murata et al., 1989,

1990; Lewis et aL,1991) of structurally related

ciguatoxms (CTX-IB or CTX-1 or CTX, which
is probably the major toxin involved in ciguatera,

fJIX-2 and CTX-3) are reminiscent of breve

toxins, (Baden,19S9; Murata et al.. 1989. 1990:

Lewis et ah, 1991; Gawley et al., 1992) and they

share a common binding site with the breveioxins

on the neuronal voltage-sensitive^ sodium channel
proteins (Lombet et a] .J 987; Lewis et fll.,1991).

CTX selectively acts on Na* channels in the

node ofRanvierol'sinyle myelinated nerve fibers

in such a way that voltage-clumped Na4 channel

currents are activated at potentials about 30mV
more negative than unmodified channels and foil

to inactivate during long-lasting depolarizations

(Benon et ai.,1986). It is likely that a persistent

activation ofNa+ channels by CTX at the resting

membrane potential leads to a membrane
depolarization and the spontaneous action J*

tials reported on neuronal, axonal and muscle

membranes (Bcnoil el al.,19K6: Bidard et al.,

1984: Molgo el aJ.,1990). Tetrodotoxin (TTXi
which blocks voltage-gttfed sodium channels in

those membranes, prevents such actions (Benon
ei ah. 1986; Bidard cl al.. 1984; Molg6 et al,

1990). CTX has also been reported to increase

intraceDular Ca2+ concentration in NG1G8-15
hybrid cells bathed in standard medium or in a

Ca2+
-frec medium supplemented with EGTA

(Molgo et aU 1992a, 1993b). CTX-induced Ca:+

mobilization prevents furlhereffect of hradykinin

(]|iM) suggesting that CTX also stimulates the

tol 1 .4.5-tnsphosphau.--relcasublc Capstone
(Molgo ei al. ,1993b). Since TTX prevents the

CTX~vtduced increase in iotracsMular Ca : " ctm-

ccotrationitwould appearthatNaf
"influx thm igh

voltairc-cated Na+ channels somehow leads U\

release ol intracellular Ca 2\ Such a direct

relationship ofNa*- dependent Ca2+
mobilization

in neuronal cells is unknown.
CFX increases the rate of release of I'll

I

aminobutyric acid and [
3HI dopamine from ttl

brain synaptosomes. These actions are sens

to blockade by TTX but are unaffected by

channel antagonist!! like nitrendipine and D-600
(Bidard et aLI 984) Since CTX has no action on
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FIG.l. Low magnification view of motor nerve ter-

minals (NT), Schwann cells (SC) and intramuscular

axons (a) in a living frog cutaneous pectoris neuro-

muscular preparation. Notice the nonmyelinating
Schwann cells covering the branches of the nerve

terminals. Tridimensional reconstitution by a projec-

tion of 30 horizontal section series. The structures

have been stained with the fluorescent membrane dye
FM1-43 for60minand then washed free ofFM I -43.

Na+-K+-ATPase activity, it was suggested that

the enhancement of neurotransmitter release may
be due to a depolarization-induced Ca2+ influx

(Bidard et al.,1984). CTX was reported also to

enhance Ca2+-dependent ACh release from pure

cholinergic synaptosomes (Molgo et al., 1992b).

IfCTX depolarized synaptosomal membranes to

levels above that needed to activate voltage-gated

Ca2+
channels, then it would be expected that

membrane depolarization, via Ca2+ influx,

would contribute to this Ca2+-dependent ACh
release caused by CTX. However, blockade of

Ca2+ channel subtypes in Torpedo synaptosomes

(Moulian et al.,1993) by simultaneous applica-

tion of FTX, a toxin purified from Agelenopsis

aperta venom, synthetic omega-conotoxin and

Gd3+ (Molgo et al.,1991b) did not prevent ACh
release caused by CTX in the presence of Ca2+

(Molgo et al., 1993a). These results may suggest

that CTX exerts its effects on ACh release from
Torpedo synaptosomes by increasing synap-

tosomal Na+ levels sufficiently to reverse the

Na+/Ca2+ exchange system which normally uses

the Na+ gradient to extrude Ca2+ . In the reversed

mode the exchanger will import Ca2+
.

CTX also increases spontaneous quantal

acetylcholine release at frog neuromuscularjunc-
tions even in a nominally Ca2+

-free medium sup-

plemented with EGTA (Molgo et al.,1990).

TTX completely prevented activation of the

release process by CTX suggesting that the CTX
effect depends on Na+

entry into the terminal

(Molgo et al.,1991a). Furthermore, ultrastruc-

tural studies performed at neuromuscular junc-

tions in which quantal transmitter was exhausted

irreversibly by CTX, after 3-^hr of toxin action,

revealed a marked depletion of synaptic vesicles

per nerve terminal cross-section. The depletion

of synaptic vesicles was accompanied by enlar-

gement of the presynaptic membrane coupled to

the swelling of the terminal (Molgo et al.,1991a;

Cornelia, Molgo & Legrand unpubl. results) sug-

gesting that CTX impairs the recycling process

that, under normal conditions, maintains the

synaptic vesicle population during quantal

release.

Experiments described here aim to characterize

some of the basic changes occurring at the

neuromuscular junction in situ during the action

of CTX. For this purpose we have used a

lipophilic dye, that becomes fluorescent only

after incorporation into the outer leaflet of surface

membranes, in conjunction with the recently

evolved confocal laser scanning microscope
which allows optical sectioning of the neuromus-
cular junction at a desired thickness and a sub-

sequent 3-dimensional reconstitution of the

imaged motor nerve terminals.

Confocal laser microscopy appears as one of

the most exciting and valuable techniques for

optical sectioning, high resolution three dimen-
sional imaging and reconstitution of fluores-

cence-labelled or reflecting cellular structures.

This kind of analysis can be done on living nerve-

muscle preparations without the need of physical

sectioning and enables the investigation of

processes, like the time course of action of CTX,
which is not readily studied in fixed preparations.

MATERIAL AND METHODS

Experiments were performed using isolated

cutaneous pectoris nerve-muscle preparations

from adult male frogs, Rana esculenta (20-25g)
between October and April. The excised nerve-

muscle preparation was pinned to the bottom of

a rhodorsil-lined plexiglass chamber (2ml), ex-
posed for 5-60min to the dye (FM1-43,
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FIG.2. Images of a neuromuscular junction (A) and of a perisynaptie Schwann cell (C) stained with the dye
FM1-43. In B and D, the intensity of the fluorescence between the lines shown in A and C is indicated. The
peaks of the histograms in B and D (a.b.c.d) correspond to the zones labelled in the images A and C. The images
A and C represent the 3-D reconstilution by a projection of 30 serial sections (0.5u-m steps).

Molecular Probes, Eugene, Or., U.S.A) [N-(3-

triethyl ammonium) propyl]-4-(dibutyiamino-

styryl pyridinium, dibromide (2u.M) dissolved in

standard physiological solution of the following

composition (niM): NaCl, 115.0; KC1, 2.1;

CaCb, 1.8; and N-2-hydroxyethyIpiperazine-N
?
-

2-ethanesulphonic acid (HEPES), 5 (pH=7.25);

and then washed with the standard physiological

solution. The experiments were carried out at

20°C. Only neuromuscular junctions of surface

fibers were studied. In some experiments excita-

tion contraction of cutaneous pectoris muscles

was uncoupled by treating the preparations with

2M formamide (Sigma, St. Louis, U.S.A) as

previously described (del Castillo & Escalona de

MottaJ978>. In other experiments, D-mannitol

(Sigma, St. Louis. U.S.A) was added to the

standard solution and osmolality was determined

using a Knauer (Berlin, Germany) freezing-point

osmometer. Ciguatoxin (CTX-1 B) was extracted

from Gymnothorax javanicus (moray eel) liver

and viscera (Legrand et al.,1989; Murata et at.,

1990). Tetrodotoxin was from Sigma (St. Louis,

U.S.A.).

Neuromuscular junctions were imaged with a

Sarastro-2000 confocal laser scanning micro-

scope (Molecular Dynamics, California, U.S.A.)

composed of an upwright NIKON optiphot-2

microscope equipped with a single argon-ion

laser beam emmitting light at 488nm (high

power, maximum output 25mW), with a 3%
neutral density transmission filter to prevent dye

bleaching. A 5 lOnmdichroic mirror and a 5 lOnm
long pass emission filter were used. The aperture

setting was 50u-m. The pholomultiplier was set at

a constant level in a given experiment (between
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FIG. 3. Relative changes caused by IQnM CTX-lb on
the surface area of motor nerve terminals and
Schwann cell somata with respect to controls at dif-

ferent times of toxin action. The black columns
denote respective controls.

600-900V). Images were acquired with single

scans or after averaging. Neuromuscular junc-

tions were routinely visualized with a 40x water

immersion objective (0.55 numerical aperture).

Control of the scanner module and image
analysis of the data files was achieved with a

Silicon Graphics workstation (Mountain View,
Ca, USA) integrated into the Sarastro system.

Images were analyzed with a Silicon Graphics

Persona! Iris 4D/35G workstation using a

UNIX ,M operating system and the software

Image Space from Molecular Dynamics. A
Series Of optical SOCliOftS WOT? taken at 0J3-
0.5u.msteps. Images from each experiment . wcrj
processed identically and stored on rewritable

magneto-optical disks. In all experiments
neuromuscularjunctions were imaged before
after the various treatments.

RESULTS AND DISCUSSION.

Staining OFTHBNf.i ular la
in Situ

The fluorescent staining -appears on motor
nerve terminals, on myelinated nerve fibre;-.

in perisynaptic Schwann
This staining is difficult to wash out after si

long exposure (60min) to the dye. The me:
ismof staining seems to be due 10 the high affinity

of the dye for lipid membranes coupled with an

inability to penetrate, so that the dye seems to

partition only into the outer leaflet of surface

ibranes (Bet? et al.,1992), In contrast to pre-

vious work hv Bctz rt al. (1992). we have found

that the FM1-43 dye also stains living motor
nerve terminals in an activity-independent

fashion. Staining in the various membrane struc-

tures was detected on resting preparations ex-

posed for only 5min to the dye and then washed
out, with dye-free medium. This staining lasted

for more than 12hrs.

When die nerve terminal and the Schwann eell

somata were imaged at higher magnification by

a stack of horizontal scans, the image of the 3-D
volume described by the section senes (look

through projection) revealed both surface and

internal structures (Fig.2). The intensity of

fluorescence was more marked at the contours

and edges than in the interior of both structures.

Pixel intensity plots of line scans (Fig.2b,d)

showed peaks corresponding to the limits of the

nerve terminal membrane and Schwann cell

somata membrane. The axoplasma of the ter-

minal and the cyloplasma of the Schwann call

exhibited lower intensity. Having characterized

the dye staining in motor terminals and Schwann
cells, we performed further experiments in order

to determine whether CTX- 1 B was slil! active in

enhancing quantal transmitter release after ap-

plication and washout of the dye. Under these

conditions, as in control junctions (see Molgo et

a| M l990), CTX-1B (2.5nM) increased the fre-

quency of miniature endplate potentials (data not

shown). These results indicated first that the

FM 1-43 dye did not perturb the effect ofCTX- 1

B

and second that the dye was suitable tor following

eventual changes in the nerve terminal surface

area during the action of CTX- IB

CI - :i CTX- lb on Motor Ntuve
Terminals [nSttu

Injunctions in which muscle contraction

med by prior treatment with formanudc.

stained with rhe FMM3 dye and then washed
of the nerve letmii I and,

imaged before and after different lime

IB HOnM) addition to the standard medium.
Usually 10 horizontal section images (0.5|im

were made for complete reconstructed

of the nerve terminals at each time period

in estimated Increases in the \k

face area were evident within I5-I7mm ofCTX-
1B (IQnM) addition lo the medium, ifys mc
ill surface area continued for 3hrs. Relative chan-

i surface area at I, 2 and 3hrs of CTX- IB
action (Fig.3) were greatest during the first hour

(50±2.09^ n=3i compared with the second and
third hour OfCI X-1B exposure. After the sec

and third hour nerve terminals only ;
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3.4r0.15 and 5.7 ±0.29% respectively with

respect to the first hour (Fig3|. Whenjunctions

were pretreated with TTX (lu.M) no such chan-

ges were observed during 3hrs ofCTX- JB action.

Thus, the increase in nerve terminal surface aiea

of moior nerve terminals might be related to both
increase of intraterminal Na* concentration and
to the enhanced quantal release. None of the 6

nerve terminals imaged during 3hrs with CTX-
IB showed fluorescent spots in^ete the terminals.

nserved with high K* medium I Bet?, t:

1 992). This result supports the previous view that

CTX-1B blocks the recycling of clear synaptic
vesicles (Molgo et al., 1991a).

Effect of CTX- 1 B on Pesusyxatoc
Schwann Cells In Situ

Satellite cells of the nervous system, oligo-

dendrocytes and astrocytes in the central nervous
system and Schwann cells in the peripheral nerv-

ous system, have a regulator)1 role in synaptic

transmission. Thus, glial cells can be depolarized

by K* accumulation near active neurons in situ

I Orkand et a! , 1966), can respond to many chemi-
cal transmitters in vitro (Orkand, 1982; Dave et

al . 1
991

'» and express a diversity of ion channels

(Ritchie, J 992; Sontheimer.1992). At the frog

neuromuscular junction non-myehnating
Schwann cells cover the motor nerve terminal

and send fine processes around it iBirks ei al.,

I960; Dreyer & Peper 1974). The Schwann ceil

processes are generally located between the ac-

tive zones at irregular intervals (Couteaux A
Pecot Dechavassine,1970). We tested whether
perisynaptic non-myelinating Schwann cells are

affected, like motor nerve terminals, by CTX-I

B

I lOnM). Schwann cells also markedly increased

their surface area during 1 , 2 and 3hrs ofCTX-IB
action (Fig.3). After 3 hours of CTX-IB action

the increase was more marked (64±2.9<&; than

in motor nerve terminals. The changes of the

Schwann cells lying directly over the nerve ter-

minal were similar to the changes observed in

cells located lateral to the nerve terminals. TTX
I l|iM) completely prevented such changes when
applied before CTX-IB. Therefore, in addition to

acting on motor nerve terminals CTX-IB also

acts on Schwann cells. Is this related to the action

of the CTX-IB on sodium channels of Schwann
cells or is it the result of the changes in quantal

acetylcholine release caused by CTX-IB? The
role of the nonmyelinating perisynaptic Schwann
cells a! the frog neuromuscular junction Airing

synaptic activity and particularly during transmit-
ter release remains unknown. Recent studies

have shown that motor nerve stimulation in

duces an increase in intracellular Ca2+
concentra-

tion in Schwann cells (Jahromi et ah. 1 992).

Since Schwann cells undergo profound changes
during the action ofCTX- IB it is likely thai they

may play a role in the maintenance of the

neuromuscular junction.

Effect of CTX- IB on Muscle Fibres In

Sm
When skeletal muscle fibres in which muscle

contraction was prevented (by fermamide treat

ment) were imaged at junctional sites before and
after 3hf of CTX-I Bactinn, the changes observed

in muscle fibre surface area were of the order of
1— lS9k (n=4). Attempts to investigate the ef-

fects ofCTX-IB in muscle fibres with functional

excitation-contraction coupling failed do*: 10 iho

spontaneous contractions induced by the toxin

which prevented imaging during the first I

toxin action.

Effects of D-Manni jol after CTX-1

B

Acti
Mannitol was reported to markedly improve

neurologic and muscular dysfunction in patienu

with acute ciguatera i.Palafox et al.,1988). Al-

though these observations were uncontrolled, the

dramatic clinical improvement suggested that

mannitol may have a valuable therapeutic effect

on this intoxication. The mechanism of action of

rnunnitot is obscure (Russell & Egen,199l). One
p0S$Rwl(ty thai was suggested is that D-mannitoI

may neutralize the toxin by some covalent cou-

pling or complexaiion. Another possibility is that

mannitol may exert osmotic effects by increas-

ing extracellular osmolality. Finally, one should
take into account that mannitol reacts with free

radicals and is considered as an effective

hydroxyl radical scavenger f Haliiwell & Gut-

teridge,1985). The possibility that hyperosmotic
D-mannitol may exert its action on ciguatera due
to its hydroxyl radical-scavenging propeiitcv oi

its water-draining effect has been suggested by
PearnetaL0989).
A free radical is an atom or molecule that

contains one or more unpaired electrons so that

to attain stability either donates its electron to

other molecules or acquires an extra electron

from adjacent molecules. Indeed, free radical*

arc highly reactive and, because of their in-

stability, damage cells and tissues. D-mannilol

reads with the very reactive and short lived

hydroxyl rudical in a way that its concentration

can be limited. Hydroxyl radicals also stimulate



582 MEMOIRS OP THE QUEENSLAND MUSEUM

HINQEfl (R)
.

KHUANNITOL1H

R«-MANNITOL 2%

ft+MANNITOL 9%
j

.

200 400 eoo

Osmolality (m O«mol/Kg)

BOO

FIG.4. Osmolality of the standard Ringer's solution I Ri

and of the various standard solutions (Rl to whtdi
D-mannitol was added.

phospholipase Az leading to release of atachi-

donic acid. One interesting property of hydroxy I

radicals is their ability to initiate lipid peroxida-

tion by extracting a h> djogen atom from poly un-

saturated fatty acids such as arachidonie acid.

This leads to cell membrane damage and fre-

quently to cell death.

We performed experiments on isolated frog

neuromuscular junctions in order to determine

whether D-mannitol could modify the actions of

CTX- IB. For this purpose, we used a dose of

D-mannitol which has no osmotic effects per se

but which protects kainate-mduced death of
cerebellar neurons in culture by scavenging
hydroxy! radicals (Dykens et al.,1987) When
preparations were pre-treaied with 20u.M D-
mannttol, subsequent addition of CTX-1B
(2.5nM) caused similar effects to those observed

in the absence of D-mannitol i.e. there was an

increase of spontaneous quantal release and spon-
taneous asynchronous contractions (data not

shown) and depolarization of the muscle
membrane (Molgo et al.,I990). Thus, it appears

that 20p.M D-mannttoI does not prevent the ac-

tions of CTX-1B at the neuromuscular junction.

When nerve terminals and Schwann cells were
imaged during 3hrs of CTX-1B action with the

confocal laser scanning microscope the typical

changes above reported, re. changes in surface

area of nerve terminals and Schwann cells, were
observed.

We conclude that D-mannitol concentrations

which has been reported to exert an effective

hydroxyl radical-scavenger action neither

prevented binding of CTX-1B nor antagonized

effects of the toxin.

Further experiments were performed with

higher concentrations of D-manmtol f54.ymM
»!%; 109 8rnM-2% and 439. 1mM =8%) added

to the standard Ringer's solution to determine

osmotic effects of this agent. Since solutions con-

taining I, 2 and 8% D-mannitol added to the

standard Ringer solution (Fig.4'1 had osmolalities

that are 24% (ISt D-mannitol), 48,8% (2% D-
mannitol) and 203.7% (8% D-mannitol) higher

than the standard Ringer's solution and, in-

creases in osmotic pressure causes dramatic in-

creases in spontaneous quantal release. At the

frog neuromuscular junction a 50% increase in

osmotic pressure by addition of sucrose can

reversible 45-fold increase in miniature endplatc

potential frequency, as previously reported (Van

& Kttz.1952). Wc did not attempt to study the

effects of CTX- 1 1* in Ihe presence of such

concentrations of mannitol. Instead we tried D-
manmiul after CTX IB action at the neuromus-

cularjunction to determine whether this agent at

different osmolality could modify1 the changes in

the nerve terminal and Schwann cells previ 01

described with the toxin. D-mannitol effectively

caused a shrinkage of nerve terminals and
Schwann cells previously swollen bv the action

ofCTX-1 B (Fig.5). When the- effects of mannitol

wene quantified in nerve terminals it was evident

that 2*3- mannitol applied for 30min decreased the

nerve terminal surface area by 21 ± 1.0% and the

Schwann cell surface area by 15.2%, while the

muscle fibre was decreased by il.4±0,2%
i;n=4). In control junctions D-mannitol reduced
the nerve terminal surface area by only 1 3 ± 1 .2%,

!he Schwann cell surface area by 10^:0.5% and
the muscle surface area by 1 lrO.6% indicating

that mannitol was more effective in reducing

nerve terminal surface area in nerve terminals

treated with CTX-1 B than in control nerve ter-

minals. However, muscle changes caused by
mannitol were no different in CTX- IB treated

junctions as compared to controls. D-mannitol, at

concentrations that increased the osmolality of
the standard solution by c.50%, reversed swell-

ing of motor nerve terminals and Schwann cells

observed during fang-term effects of CTX- IB.

These findings are important since the clinical

improvement observed in acute ciguatera after

mannitol treatment may be ascribed to the

motic action exerted by this agent in the

peripheral nervous system and skeletal muscle
fibres, which would result in a shift of water from
tHeintravellulartoiheextracellularcompartment.

DISCUSSION

Cell swelling of motor nerve terminals and
pensynaptic Schwann cells was a common
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FIG.5. Nerve terminal (NT) and perisynapiic Schwann cell somaia (SC) from a junction treated for 3hr with

2.5nMCTX- IB (a) and after 30min of D-mannitol (2%) added to the standard solution (b). Note the shrinkage
of structures after mannitol action.

response to CTX-1B application at living

neuromuscular junctions. Imaging methods are

ihe only way in which the shape changes accom-
panying cell volume changes can be determined.

However, determinations of cell volume arc not

easy, even in a relatively simple synapse as the

neuromuscular junction. The term cell volume is

.1 complex concept because neither motor endings
nor perisynaptic Schwann cells have simple in-

dividual geometric shapes and relationships.

Furthermore, the mechanisms of volume
homeostasis in motor endings have not been ex-

plored.

Changes in nerve terminal volume caused by
CTX-1B may result from the fusion of synaptic

vesicles to the presynaptic membrane and the

influx of Na+
across the presynaptic membrane.

Previous electron microscopic studies of motor
endings in fixed specimens revealed time-de-

pendent increase in the nerve terminal perimeter,

alterations in nerve terminal mitochondria and
profound depletion of synaptic vesicles after

CTX- IB action (Molgo et a).. 1991; Molgo,
Cornelia & Legrand, unpubl.).

The Na+ content of the nerve terminals is ex-

pected to be increased by CTX- 1 B. Under normal
conditions, water is in thermodynamic equi-

librium across the terminal membrane. However,
any change in the intracellular Na* concentration

will result in a rapid water flow from the ex-

tracellular to the intracellular compartment. Be-

cause the nerve terminal is readily distensible,

transmembrane water movements will result in

nerve terminal swelling. Schwann cell somata
swelling in situ is probably also related to the

increase in Na+ concentration through activation

of sodium channels sensitive to the action of both

CTX- 1 B and TTX . The contribution of enhanced
quantal transmitter release to the swelling of
Schwann cells remains to be established.

D-Mannitol at concentrations reported to exert

an effective hydroxyl radical scavenger action

neither prevented the action ofCTX-1B nor an-

tagonized its effects. However, at higher con-

centrations mannitol exerted osmotic effects that

caused shrinkage of both motor nerve terminals

and Schwann cell somata previously swollen by
the action ofCTX-1B probably by shifting water

from the intracellular to the extracellular com-
partment.

This report demonstrates that CTX-1B causes

time dependent changes in the surface area of
motor nerve terminals and perisynaptic Schwann
cells in living neuromuscular junctions. We have
shown that confocai laser microscopy is a new
tool for research on the effects of ciguatoxins on
living tissues. While the extent of its future ap-

plications in the field of the ciguatoxins is hard to

predict, its potential for neurobiological research

appears enormous.
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